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PIEZOELECTRIC lHD\\^R St^PLIES THEREFOR 
, FXELD Q^fI^..INVEN^Q^ J ; , 

The present invention relates to electronic display 
elements, and more particularly.,^ 

BACKGROUND OF THE INVENTION 

t , : . : Npnemissiy : e displays convey. ; .«^^^ s p. S? n E r Pf?:< 
differences, which are achieved by varying the reflectance of 
different frequencies of light; they are thus distinct from 
'traditional lemissive* dis^ by' v v'* 

emi€t : in^i-±gliiiir ^ '"Orie '^h?e> ^cif- nonemissive /display is ah^^ > : : 
electf opiioret: ic display ^;wh£ch 1 utilizes • the phenomenon [of *- c : 
electrophoresis " : * tb~ ichifeVe contrast ; Electrophoresis ; ref ers 
to 'iioveiifeht^^f '"charged ipartidles- in 1 an -applied electric field. 
-When/; electrophoresis ■ occur 6V* ihf a'- il'quidi^.the p^tieiesr^mbyef ? v 
•Witti'-a^vi^Io drag/-: 
experienced; by the particles •;<•: their- charge;; ^the^d^el^cferi^- 




«■:■■ v iv!n Wr^ctrdphbret ic displaty utilizes charged particles of 
one '^lor^-susp^nd^d 1 in ^ klfele'ctric liquid J miBdium^of> a 1 - • 
different* ; cWf or ' ."(that'" i^v' -Ori&ht'Tref teemed? <by".'th£'f particle's ) is 
absorbed 1 by < 'ttfer i'ic^iiidJ^ The' suspensiori -is housed -xri -a Ice *1 
loc^tek" bet^efen v (6r partly ^fi^^^ty) a £aar'<bf oppositely h 
disposed" electrodes', bh'e V of-- which <xs 'transparent i- Whefilthe- 
electrodes' are operated to apply a DC or pulsed Afield ! across 
th^f : m£dium, ?tKe', ; particl'^ V - 

opposite sign.- The ' result is a visually observable color . 
change. In particular, when a sufficient number of the 
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particles reach the transparent electrode, their color 
dominates the display; if the particles are drawn to the other 
electrode, however, .they. are obscured by the color of the 
liquid medium,., which, dominates' instead'. 

5 Ideally, the particles maintain a strong uniform charge 

throughout the lifetime of .the* device ^and^move as rapidly as 
possible under the influence of a relatively small electric 
f ield.' r The switching' time of susperici ed '^J^a^'icl'M : Ydtia^eb 
between two electrodes xs given by ■ ff - - 1 ' • 

wh£r e "d 3 is tti4 "spacing'' between r ^ is v - the 4 ^i^cosity 

of, the liquid.medium. e as xts dielectric constant; V as rthe 
potential.vdif f erence ..between .*the ..electrodes , . and 1 C is , the ^zeta 
potential of thehparrticles i ;,;,The .quantity, t ; . } repr.e| ? en^^ ■ * 

15 " switching^ time^vy i ve . ,. : the ; t ime ...reguir ed^f or; the ^pppulation <*: 
of y particles utO i migrate f rom^ohe^pf ^^he f :je^-eptrp4p§^^:^^h^^.^. 'i 
, other . ; Thus the;- system., is ; usually-,. s.el^<cjjted;<to i^ninimiz.e,^. 
Fore'rexampiLev- the . ;spacing r ,between i. electrodes, is ..as . small «as is 
necessary : tp ensure f that ^he. . p.art iclje.s j &Tg;i cpmp 1 ?^giYw). obscured 

20 following; migration; ^way r from fthe^ transparent, electrpd^ 4 ^ _ 

ic :^vv^ / i;'^::J biij?* *fr : 'bp /• * ^ K-?- --.-'^ r : .«n -v>- . • 

Useful electrophoretic displays aire bistable: 'their' 

state persists even after the activating electric field is 

remo>red« s^is:^i8-.gjpne^l3.3g r achi v eyed.v yip\ residual :n -..c;harge on 

the electrodes.fand van. der. Waals interactions . between, the 

25 : .particles .and : the; wal Is.; >: p,f : .el^ctrophp^^ic, »P,ell . ? r — ; ^. ^is. . , 
. Unf pi^tunately f ,:; ( the tstabili^^-qfj puErentjjele^ct^ t 
displays ^Ls. limi-ted ; . Although sf ^oc^qulation. ^or, : s.etjblingj ; jc>f ; 
paritielesr can- be- { avoided r '^by r mj^tjching ^Jbhe density, .of , the^^^,^.^ 
particles .with that p£. the ,-liquicJ. mediim,^. 4 lpng-term. r par±icle: 

30 agglomeration .'remains -,a .prpblem. r That . is, .cohesive .forces 4 
among -particles may eventually overcome dispersive .^f prices. 
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degradirig the appearance- and function, of the display- « „ -For 
example, particle agglomerations resppnd dess ef ficien&l-y . to 
an applied field '^ihcreasiifg switching; time), > and ;i are .also more 
vulnerable to the action of gravity (limiting usefulness in 
arbitrary orientations) - thus, if the display is •oriented, 
vertically ', gravity -can overcome -adhesion to ithe cellr wall and 
cause 1 agglomerations to settle? trf:» • v* l ■■■ • ' ;'• ' . '. :.r 

r DESCRIPTION OF.THE I>J^T£NTI,ON .. .> ... „ 

!•■■■:•: -- ; ' i t*ri v.r c _ ^ -cs ..•••.*•,•-.:'.;;::.• •.«f...-^sr» s .■*»• ; :«■ •- p -jt. • - •. 

Brief Siuninary Of thfe^Invention ^ ,r i io- : > ; . / 

'• "■ ;:i'-j..:> .. <: •:■ • >••■."• . i.- • :;,(-, 

lnij'accordanc.6 with the- invention, the s .f or.eg.oing.... .. . ^ . . 

limitations; are: overcome - by microencapsulating... individual ;j r , 
elements, of an. electrpp.hor:etic. display.; <. This v ;apprpach .,, 
eliminates, the*, effects;, of i -agglomeration X5n,.a. .scal.e^^arger ,*han 
the size, of the- capsule> ^«tei<^rR^^ftH^i^-?ftW c ^^r?l:' 
small to be 'individually; yunnptieeable.^ ^t^^.^the ^ , capsules ...^ 
function -in; a: > manner jsimirar.rto >JpJ^^.^^.i^^ h .»^^^i^K.'- I V 
they are -.riot* .•ihdividually.raddress.abl#J : ,%,.eyen -if ^agglomeration, 
occurs, its effect is confined to a very small area. . . . ........ 

Furthermore, by setting an upper limit to the possible size of 
^an'aggloii^^'ion^^n'St i'sV r fiy ! ^feve«ti^gf Sedu&i£li'at±ons "larger 
than the pkrticle ; content 1 of v a : ; capsule— the '■ bulk, . effects'.' of - r 
diminished ' f ield L " responsiveness ' arid- Vulner Sbi lity ' to gravity " 

are likewise limited. 

'v. .• -..f", -•.••'ft-.'..-.-...' V ><» -,.iu<.. :* •«•■ 

Although, again;, individual, papsules, within a display, .. 
element >are a . typically : not individually addressed, the approach 
of -the* invent ions lehds^itselfi to. production pf^ relatiyely.., .^ 
small 1 - multipie-capsule elements yfthat.ican^ithemselyes,, be .... , 
individually addressable components of a larger array. For 
example, the elements can each present a circular profile and 
be arrayed as a matrix, functioning as pixels in an 
alphanumeric display. 
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Accordingly, in a first aspect, , the invention comprises . 
an electrophbretie display; haying.. a ; ^ujistai\tia[lly two- <4> . _ 
dim'ensioha 1 ? " 'arrangement' of* .mi.Gjr.QS cop ijc^ .containers 
("inicrdcap'sules^) ;veach microcapsule paying therein an t( . 

5 electroE>Kbretic - composition ofj ?a dielectric fluids and a 

suspension fef particles that .vis.ualLy, -contract . with the ... , _ 
dielectric liquid and also exhibit jsur face ~char.ges,; ; .,a r pair ..pf 
electrodes, at least one of which is visually transparent, 
disposed on and vc ? 6ver£ng ^>pp*bki%e' s'l^'es^-ofr^Siii^icrocapsule 

10 arrangement; and means for creating a potential difference 

between the two electrodes, the potential r .dif £ ^pn^g^gagplng" 
the particles to migrate toward one of the electrodes. The 
microcapsule : arrahge¥eht can-' be fiat* I or" 'curved ;>.. as. used, . 
her eiri \ u 'the term* " twb-d -iWehs ibnal 11 ref ers to 'varr angemehts that 

15 may be f ui'iy u pi4xiarV ; ' distbrte'd* of- -curved/ -.-.^andLtdoes hoto.exclude 
SbinW ' ? t^f yW-dlmens ibnal thickness^? x ^Thfe : arrarigiement^ canTrdnvoive 
packfrig th'e 1 'mitir^ brie another im .ari^ar-ray: 

(gei? < erkiiy , ^ife i toxcrocapsU^^ - iv . , ~ 

microca^Wiia?es -in ^tf^^f ahspif erit ■ -matrix / ior forming cavities; qr : 

20 Wids :T ^fthin^ i; such f 'a° matrix -thm> ^hemselye .the v h •"' 

microcapsules: * ' - v Vl ' : ' ■• - r /• Vl " ' ■'" -..:*■:.•» V; • - i . s y; 

■■fr.ln'.»aj' second aspect, « the .invention provides \noyel means of 
electrically power ing .npnemissive .displays,, using . one or, more 
piezoelectric elements - (?uch, as a . sheet . of ..^olyyinylidene 

25 fluoride). Generally, the invention in tlxis ; aspect .may ... 

comprise a pair of oppositely disposed electrodes and, located 
theretfe&ween, ! at J least ofi'e display element > ; t the, displays 
elemenx: lafeing^ ^^isWaliy responsive to^ a^ potential difference, 
between** tile -%iectro<ies-; y 4fndi a' piezoelectric? element- connected 

30 to the r electf odesV Ref ormation ofStthe. piezoelectric: element— 
* ■ '* " ' ■ I'V:- • 1? i.tvr. . r' . . v * • *\ ■ * £*. 
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Brief Description of the Dfawmgs 



Tfee 'foregoing discussion will 'be understood more readily 

from trie f pllowin^ detailed ! description 1 of • th£ invention , (When 
taken in conjunction with the accompany ihg< drawings.; in which; 



. K I' 



25 



FIG 
of 



5 , FIGS.;;; lArrlB^ are f enlarged^ sect ; ioiial n ,v^^ : , showing J% . K • 

microencapsulated, electrophpretiP:: .^ispiay . arrangements, in 
accbrdanbe .with : the^presi&nt indention ; . - :J . , ( . ,. 4 i 5f%1# ... 

FIGS. 2A and 2B schematically illustrate piezoelectric 
driver circuitry useful for operating nonemissive 
10 displays including (but not limited to) those depicted m 

,FIGS S . .JLA-1B,;,. . ( , . r . . . ; ir . ■ . 

fG. v 3 "is ^a^ sch4iaa€ic dlevatibri 1 of fa* ?£pedi£ ic Application 
: ^e'^errt^i ^in 1 c "a J "f'oiStWe-fi^ K; eiYv if driirient ; > ** V 5 

FIG;-. ^A^i's^a - schematic eleyaticsxi < of ..another ;1 footwear. , 

:15' * application; \ r V - ■! l-t*!f^./^V : ^-.V>" ; 

FIG. 4B ^schematically, illustrates .r^pr^serjtatiy^- , ,,,/-,r 
•cireuitry-f or ; imp dement ing- •. the r :app 1 i c a^ i on . ( s h o wn > in^; FIjG . 

FIG. 5 is a partially schematic isometric view of a 
20 specific application of the invention in a paper 

publication environment; 



Fld. r 6 Is a pai^ia'lly' " ; scKematic' isdinetric view :of > the* 
inveri€ioh ' : impietoentecL { , i*h fC an } ' ac6ustUcai^Iy coupled mode* r 1 

F^IG." IK is a partly schematic plan : view!-of a ..specif ic 
application of ' the' inVferi€ion iri a 1 : vixistwaf ch :r 'erivir pnient ; 
arid' 4 "* ' * ■■ * ? ' tr'^ 4 **'* -.v.o T ^ 

FIG . : - -7B ? : schemat ically villustrat.es representative ^ u 
circuitry fdr implementing the application. shpwn in FIG. 
7A. 
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Detailed Description of the Preferred Embodiments 

• 1 Refer first:, to .EIGS. 1A-1B, which- illustrate ^alternative 
embodiments of microencapsulated, electrophoretic . display 
arrangements. --in ■« accordance with the ..present, invention. In 
FIG. 1A, a display 120 includes a pair of planar electrodes 
125 , 13 0 which jreside" on" opposite 'sides of '~ar substantially 
plankr arrangement of microscopic containers >< orj.;. ; ... 
microcapsules, 13 3. -^'At least electrode 133 •? is visually:- 
transparent so that a viewer may observe the color exhibited 
by portions of the microcapsules 133' adjacent to eflebtrbde. . 
130. For , example, electrode 130 may comprise a 'semiconductor 
such as indium tin oxide evaporated or otherwise cdated in a 
thin layer onto glass, mylar or other transparent 'substrate ; 
the details of fabrication are w.ell known jto those skilled in 
the art, as ar e r pqs siblet , semiconductor .alternatives to indium 
tin oxide (see, e.g., U.S. Patent Nos. 3,668,106 and 
4 # 305^807?°^6^'iBnt;'St , e disclosures of 'which - are thereby v v 
incorporated by reference) . V' ' < -'" '-w.l ; .vv t? - ' 

Within ' each microcapsule' 13 3* is ; an; electrophoretic - 
suspension cbmpr isiiig 1 * a 1 : dielectric»Vliguid ' 135 1 arid; ang^antity 
of charged particles 137 , the bulk liguid and the particles 
contrasting, visually (i.e., exhibiting observably 
distinguishable colors or shades) . A driver circuit 14 0 is 
electrically connected to electrodes 125, 13 0 arid is capable 
of creating a sufficient potential difference betweeri the 
electrodes rto cause; migratipri .of ^ to one or the 

other electrode within an acceptable switching time. 

, To impart . the color of particles .,137 to the display 120, 
driyer circuit ,140 /creates an electric .field .(indicated by 
arrows 142) whose direction is such that particles 13 7 are 
attracted to, and migrate toward, electrode 13 0. In the 
illustrated embodiment >' microcapsules > 133 . are 7 ; spherical and 
substantially tiiigerit to brie another; accordingly, if each 
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microcapsule 133 contains a (jdathtxty of particles 137' ' 
sufficient^ cover ' iialf th'^ inner surf ace J area x under the 
influence ' of 'kn"eiec^ic f i^IdV ? "^attract'fori ^of ^patt idles* '137 • 
toward electrode 130 will imparl to 
display 12 6' in a Substantially uiiif bifii ; lin inkier ruptfed mairiher : 

- Microcapsules 133 -need' not j .be J strictly^ spher^qgQ^ fbjxt ; 
pref ferabiy : to 500 ^un:> ? and^. 

ideally from 25 to 250 \im. The walls of ' ia!if^6baii'slilW'^3^ ' 
should' exhibit* a^ -insist iyity. sipia^.to., that ^qf. dj^eleptric 
liquids /X35^i- Itr.may aasp ' «us.e^ul^;tp .match ^the, ^fr^ct^ive . • 
indexr<-'bf ; ifchet: r miGrpjc.aES.^l;es./. >l-3 3 :i ^fitfe ££at: ; t^e , ^ ^ ; ( , ; . 

electrophpretiGi cpmposiMon;^ .-iSj.-: . t< 

hydrophobic and vt^chniq^^j ;for? iepcajsulat^ng, a, ^ydrcppho^ic , . % 
ihte^nal^rphase; akei-^c^ jp^qqes^- 
selected ^may i^^,se)^ldAi'1;^AQlI& qi>, ;the ^iden^ity^and pr^perti^s 
of ^e^Mieleeteic irliqu -c,e^tain ^condensation • . 

processes; imay^req^i^ . r elgt ix§ly .high 

bd'iM'ng points .and dlow ^v.apq^pr essur es ^ „ ^^.,. u ,;;!y V i. Vr , : ; - 




coacervation include gelatins and gum arabic. See, e.gr., U.S. 

Patent 2No , ./:2 ;.800v4 57 r (the, entire disclosure: of -^hich. is ^hereby 

'incorporated by reference). • *. , ^ ,~ r ;;o : \i -q. .-^..j. u r v • 

.till ::„r-?jfr!? .1*, . *: . ■ - i • * 4 - IJEJ - ; 

The "interfacial polymerization" approach relies oh the 

" 6 • ** ** ' 

presence of an oil-soluble monomer in the electrpphoiretic * 
composition, which once again is present. as an emulsion in an 
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aqueous phase. The monomers in the minute hydrophobic 
droplets .react with .va.. monomer .introduced into . the aqueous 
phase, polymerizing,. at .the - interface between the droplets and 
the surrounding aqueous; medium and .forming shells around £he 
5 droplets. Although^the resulting walls are^ relatively thin 
and may be permeable, this process does not require the 
elevated temperatures! characteristichof some other .processes, 
and therefore . affords greater. .flexibility. in; ; t^nns. ,of choosing, 
the dielectric,, liquid! ; r . . ..... ( . . ' , . _ ^ , 

10 Our preferred kicrdehcapsulati^ technique is "ih-situ 

polymer izati/on, " in 'whi'ch the* monomers that will? f ormy the . } 
microcapsule shell are present ±ri th^- aquebus phase, rather 
than within r tbie r disVersed^p : hWs4^ aroplfet:'s^-:.'TH'e: -mdnbrne-rs^ 
polymerize %o ' rform a pblyinfer"with> higher af f inity .for -the;. ; 

IS ih 1 !*^^! ^ • 
abound "tlie droplets as a "sicii*l r Irf one especially . useful ;in- ^ 
situ ~polyfi£iri zatioh processes ; Aire* and *f ormald^yd^vcpndense 
in "the prks^iice "of • £bly (Wcry lie : acid)^ ; see -.D ^Sr.v:* P^entv Np.^ *.or^- 
4,001,140. In other usef ul ! process; ^ddsciribed^ ^UiS# c .Patent^ , 

20 No. 4 , 273 , 672, ; any .of .21 variety of, cross- linking agents borne., 

in aqueous solution is deposited* around micrbsci5pic oil; , 

* 1 oof*--:*"" V-i •■ tvA-A r -".^i ::• ^-mVVVi &; .... 

droplets. . Such: cross-linking . agents include f prmaldehyde> 

glyoxal, glutaraldehyde and other formaldehyde donors, 

trioxane> ethanolamine, ethyl ehediamihe , boric acid, borates 

25 such as sodium borate, or macromolecular species such as 

gelatin, gum tragacanth, methylcellulose and A-stage 

formaldehyde .condensation products. The entire disclosures of 

the •140 and " f 672 patents are hereby incorporated by 

reference . ^ ^ ^ , 

30 ' Other useful techniques'- for creating microcapsules - 

include mechanical methods, as are weir known to: those skilled 
in the art and described, for example, in U.S. Patent No. 



3,585,381. 
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A wide range of dielectric liquids may- be used with the 
present invention; the criteria involved in their . choice 
includes viscosity, dielectric constant, .acquired charge and . 
density: '"' Preferred* liquids 'include* darkly colored hydrophobic 
fluids, such as' isoparaf f ihic petroleum 'solvent or: .., l •. 
^<Moro^i*fiuarotowie , J- / or^4i ; mixture thereof ; and other 
halogenWt¥d ; '*hyi^oca^b : bitS i ""'since ; these" tend' -to exhibit -v." • • . • 
desirably* high* "densities* (to ^ma'tch'' that of the .'dispersed J; 
particles ) ' 'while* having desirable { 'el'ectrical : characteristics -i 
To further daricen 'or 1 ' impart s a '^pfetiific cdlor: to -the liquid, a, 
dye (e.g. , . an oil' 'dye sucli J as Oil- rBlue N) or' . other.v.color.ant- 
(e.g., d^b^Xt-'V^pn'th'erialt^ -rdr ■'aV.vittlet color > manganese : 
naphthenate for a brown color, or nickel naphthenate. for a 
green .color j . can bemadded thereto. ; 

A wide g&£g2' l or' { p'£^^ ;? - > p»f€ifeIfe6"'*aire; also+usefiul;* the/-., 
primary'' cri€eria^gdverning their 'choice being appropriate--^,., 
charge/ siz^ana^cbiory The*' particles V can range;,, iny6igei.fi rpm^ 
■ 100 urn" topless" than jf ^jCm;'" l&£ ? S*pref erre^Si'ifc? r*vig» a l1r'1S*2^VV U*. 
um/. The , particles, may exhibit a, native charge, or be charged 

chargej when, fended f^jftft^ 

particulate materials; incjLude. t / which 

provides a high-ref lectanp^ 

or other black electrophotographic toner particles; other - 
25 inorganic pigments 3 ;.' or organic ^pign^ts* suchnas: yazo .and 

phthalocyarixrie mater ials . Typically , a .charge-qontrpl, agent 
is add^di ! to thte -pigment particles to confer , a Jsur:f ace charge, 
(2eta Vpateritial) Thle charge-control ageht>may ;<be capable , of 
adsorfiiiig directly onto ^the/particle surf aces> or /mixed:. in. ; , 
dufiflg ' vf a£r icat ion of ■ the particles . .Generally y .the s charge- 
control agent : conf ers a >zeta potential, equal. to, 50rl00 v 
eiem4htary°cliarges 'on :: the ' siirf ack 6f a particle 1 jim^ihi 
radiub; ' this produces a sufficient electrbphoreiic mobility on 
the'brder of idi^tb 10^ 5 cni 2 /V-sec. Suitable charge-control l 
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agents are well known, in the art;, they ,may be polymeric or 
non-polymeric* in nature, ,,and n may also.. be ionic or nor^iqnic. 
Non-ionic polymeric . charge-control agents include 
polyethylene^ polybutene succinimide .and: varices, polyvinyl 
5 pyridine block copolymers. . See^ e;..gr . , U. S.. , Patent Nos . , 

5 , 380 , 362 , 5 ,066 ,559 and v 4 > 298., 448., : the. entir^ disclosures of m 
which arei hereby <iTC , 
control agent (and any underlying .coating;) ; ^hop]^ not ^ w ^ ^ r . ^ 
inter* ere- with, <the .optical ^ prpijpr^ies. of. the. p^gmejit f Y ; . 
10 particles. In a : preferred j€fmbp r dimen^^,a. mixt^r^_of -Tip 2 . . 
partdcies- and ^polyethylene -is .^toinizecj ;; to, .produce _ • , r , 
electrophoretic spheres ^at <,aM 

The display 120 may be formed, for exaiaple^' iri?.;"£fie* 4 manner 
of fabricating liquid-crystal displays! For example, ^fter 
15 their formation-, . microcapsules 133 r ,.sontainirig. the - - : <; T 
electrophoresis .cpmppsitipn^may^be A^j^c^d^ 



housing - jfewpt.spfLped-apart^f lectrgdeg.. Alt^rnati^ely^,- 



microcapsules;, 13 0 - may .be '•printed! 1 1 into a display* by \ A any ?„o£ * 
various methods known in the art, e.g., the techniques^use^ in 
20 deposit pressure-rupturable microcapsules ; onto J at .substrate ,'ito ?; t.-.^jti* ~ J 

■ create ckrbonless c c 6py 5 pi!^^V a ±91f • J %l£fiif. 1 c&se , r ~ l^el^^t-i^i-ek^^rls-- - • ■ ■ 
: ■ : ' printed" or^ '^O^^^tfer^fec^^'^. 5 

other eiectrbde is' deposited, printed ■ or "otherwise /cb'ated" bh 
top* of VhW d^pps'it^cf ^'8rScaps\ii!tes ,J ttd'J-' 1 ~ % '~- : '* } ^> w^^^f: 

25 In 4 fan' alternatives embpdimentv f l4 5 f illustrated, in , FIG.. , IB , 

microcapsules 133. are -immobilized within a, transparent .matrix 
or 'Bixider 150 ~that <:is' itself- sandwiched, betw^ . -.. 

i25; ^13!0 : Oncefiagain,- application. ?of the appr pp>r ^lately , yv 
directed electric field results, jin migration -of ^particl^s 137 

30 toward -transparent electrode ;130. : So long ,,as ^fnic£q9apsjale6 ; 
133 are^dis^iersed^ within ^matrix 150 tunif prmly and^at :V> ... . . 
sufficient density, the resulting, visual appearance will be 
.uniform. Matrix.,150 is preferably a transparent polymeric 
material that may be cured (i.e.,, cross-linked from a, low- 

35 viscosity state into extremely high viscosity) or otherwise 
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solidified at relatively low temperatures, ; and. which readily 
accepts , in its iow-viseosity state;, a -dispersion. ,pf , 
microcapsules':-' Useful materials^ includes polyvinyl alcohols, 
gelatins, epox'ies' and other resinsv 



li, i'J. 



... The.low-yiscpsity polyiner J^ewrsor, into ; which 
microcapsules^ 13 3 have been .suspended 'at |n adequate ^ 
dispersion density*, may>e .curbed -ii^.a mqld. conf orming to the 
two-dimensional pr , ; c^ed AS hape,pf electrodes. 1^5 ; , 130; or may 
instead utilize. ^ cop^xr^Bn^bo^na^Txas for 



10 . an in^sijtu i cure . 
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Alternatively, microcapsules 13 3 can be voids or • 
microscopic cavities ;v in matrix 150 formed during its cure. • 
For example)' " the " «lertrbphorettc^omp^t:I^n can - be dispersed 
as an emulsion in the" uncured (low-viscosity) precursor to - . 
matrix 150; curing of the. precursor leaves- the emulsion 
droplets suspended and. immobilized within ' the' matrix, «-••■_« • ■ 
effectively forming ,a polymer-dispersed electrpphoretic ■ ; : ; • ; 
display. , k - . \ ■■■ ; *v. ^f^-i/ /.* " " : 



The display can be arranged in any number of 
20 configurations, Includihg '^unitary ■ 'contxnudxks. display 1 (i.e./ 
a contiguous extent of microcapsules sandwiched between a r ... ■ . 
single electrocie pair ) ; a rbw ; ox otKer -pa^te^k h of J iai^fctfete - ; 
q roU p S of microcapsules controlled by a single electrode pair; 
or multiple-element arrangements containing a plurality of 
25 independently ''addressable 

a , separate electrod^.p»ir^ ^<?^r^si$g,. -fp* ..exgHple^ a 
singleircoht-ihuous display;, or, a,, pattern,, pf ....microcapsule., groups . 
Driveri 14 of can : be- any, .suitable, power ..supply , e. g*. , . a DC or. 
pulsed- DC circuit > or ,an AC.- circui£ (wliere; t^ e „ pulse ' width or 
AC. periodLiis- greater than > the, ; sw ; itching-. tim^.pf^ the. _ . ^ 
eleptro^oreti&%'co«pps,i^%R|») i frT.i />. ^ •...• '•:;=■.•...■ .i}.v„ 

In accordance with knot^6r aspect 1 or^hiirihventiW/ ; ; ' 
however, driver 140 cbmprises a 'pi'ezoel'ectfii;' eiemeht.'-- Refer 
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to FIG. 1 2A, which illustrates the manner , in which such an 
element can be used =to drive-an. electrophoretic display . . 
element ioo , which*- comprisesr one . or .more individual . i 
electrophoretic displays. Physical def ormatioii, of : ,the : .. 7 ; . : 
piezoelectric element 2 02 generates a voltage and current. 
The electrical output of element 202^ may if " appropriately be 
supplied diWctiy^td' 'hLspl^^^y^dwy^h^t 'is': generally. > 
useful to 'condition the output ^jfirst.- For- exam^lle^t opposite- 
deforaatxpns of 'elemeht' 202" produFe-^drtages of Opposite li i> r : r 
poiarl£y/ \ f f ; element f 2\i2 is a^ 

faster than the switching time of display 2 00, the ' :dis£l>ay:i;2 00 




A more 1 ' Maborate Here, 
the J output 1 of 1 ^oiidltibn'ihg^ cir ciiitryY 2 04 ^ is provided' ast ap f . - 
power supply to' a 1 pro'cessor ' ; 2t)6^ r 'ahd- rea'bhes-' displays element:; 
via one'o^ 2 0 8- : ' contf bl red by processor:: -2 0.6^.-^. 



Voltage conditioner 2 0*4" therefore 1 rect if ileW^ aHd^ limits- the :>.. 
magnitude of the voltage reaching ' -^Voce's sbr ; 2 0'6V^-which\ may-.i - 
itself be a programmable, single-chip microprocessor or other 
-suitable .circuitry for implementing a control function^ 
Switches 208 may be transistors, the number of which depends 
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on the number of individual ele'ctrophoretic display-, components 
in element 2 00. For example, processor 206 can be configured 
to close one" of "the switches 208-^and thereby provide 'power ,to 
one of ^'the components; of display element 200-frupon detection . 
of some - external donditibn or at a -predetermined time ... : >. : 

6:- .Refer- -now. J.to .FIG .;..;_3 , whicti. illustrates a^.particular,^ At ... . , 
application of .the, invention ^^ntegrated within an article, of ^ 
footwear apparel ,3 0.0 ■,. .jsuch 0 as ; a shoe . , . The ; art icle, 3 go p , ^ ;J 
includes,,.a bottom .portion _.pr. v sole , 3j52 ..... ^p^sops.ed within sole ; 
302:.is;a flexible piezoelectric, element. 3,05,,. e 4 .g, , < a ..sheet of 
polyvinylidene dif luoride - ;l .. > The..»tw v p {1 p^pu^fcs,- 307a, 3 f 07b ri arje. 
connected to the. *leqteQ%e% A p£ v a*.£4$9%> e^f^^p^o^e^o.^aiRi.^ 
310.>.; ;and.- i-n : the > oi^jD.9}L^.,.9j^?^to ; .- a ^h.%. e .lf c &S od ?s... ,9. f j. a -s^B^flfj i , 
electrophoretic display .312.,^ As< the. wearer L of .^rtic^^JOOj. _ 
takesv a . .step s/he.. 3^3^^«^pelj|p^Lc ^element,. 3 ( 05 ^r^jjigijr^. 
.aavoltage.- ofx-a .first .polarity, ^C^i^^c^gg'iv^ one of ^. 
the ..:diifsplay.s -':3.10., 13.12 , ( : i>.e> r , 1 a^^^^& i) ^^^^;;i^,^^^ > 
visible'- electrode ), - and , deactivate ^the ^ other v d isplay |,.U, ? .e r •>- r. -i 
draw '.the .particles away ^rpm ^^\IS^B^^^X^^f^9y^^^^f.^ 
user ; ;comp let es oa ts£ep,;.,: piezoelectric 

producing a. -voltage of opposite polarity ^and,. Reversing ;/ the : 
. respective, visual >- appearances ;pf; ; displays. 310,, . 312 . .^Tlje . . 

switching time of ;i the ^displays, is faster than the^.rat^ of a . 

normal- gait , r .. Againy-- the.-epnf iguration .shown i ; n^ FIG . . . 3.. can 
- include r voltage-conditioning., circuitry- if f; needed. , £ i .^ n . . , 

FIG. 4A illustrates another application of the invention 
in the, environment?, of. if op twe^r,.appapL,_ in this case a^ 
pedometer ; ; v ' An, vart iclg: o^>|potwear3^ 0 0 , .such, as a i^^in^ ^ , 
shoe j v .includes,. a % . bp^tpmj. pc^jtiqn , v or, .sole, .4,02, associated, wit£ a 
piezoelectric, ielem^nt, 405-, t , The putputs : of rf pi^zc^le^^lc , ^ 
Jelement ^405 are^ cbnnected;.*:o..a .cpnt;r t p.l cfrcuit^ descra^d 
below- r : that governs the- operation jof: a. iseries individual 
electrophoretic .displays. 4i$2ahff. r. The M nipber ) j>^ y s^^^±^l^B 
"turned on" (or ".turned of f.");, at any. /time ,ref lpcts, the number 
of deformations of piezoelectric element 4 05 and, hence, the 
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number of steps taken. As shown, in FIG. 4B, a suitable 
circuit 410- includes a full^wave : rectif ier or. bridge 415, the 
rectif ied - output of which is provided, to a. capacitor ( , 417 :> 
connected in parallel with .electrophoretic .displays^ 412a-gr ; 
5 Each display is also connected to a respective diode 420a-g. 
The diodes 420a-gr in the series have increasingly greater 
breakdown' voltages . r In operation, of the -electrophoretic 

displays aire initially in the sa^e state • ' 'Regular f lexing . and 
straightening of piezoelectric element r 4 05 results a±n an.--.zh \ 
10 apptoximafeely AC vbltage* butpMv wftich 'is rectif ied by bridge : 
4 15 • Each piilse from bridge 4 15 adds charge oritoi' the plates . 
of capacitor 4*17', ihcreas^ 

andV hence / acirbVs the diodeydisplay' pairs . Each of the * 
display k 4 12 a-gr changes state only when- the accumulated .* charge 
15 on c^aditor . 417 exceeds thfe breakdown Voltage of : ;the J :' > - 
'associated diode . - The " charge 1 ori ; caTpa'citor? 4 17 r % of k course ;- < , 
reflects' the *numfc'er'" of - steep's "takenV" wh'i A c}i ''theifef pre\ determines 
the number' of "di££^ have cha^hged^ state^-^T ' 

To reset -the^&eVi^ stibwn) : * 

" '" U " v ' /f 20 which reverses -^^c^^^-^n^^^ ^^dLhor- 417 across •the^ ; >v-V ; 
*' " " diod^ySispl^y pair s / i5 1byp^s s inf<g"' -Ihe^ diodes!? 'and resetting* : the ; / 

displays ; M arid V ^Ubsequerttly 'discharging- capacitor <417 - .Theu 
circuitTmay also 5 ^include* Sri additional didde or other iimeans 
foir reducing 1 or eliminating the' high voltage 
25 foot travel/* arid means c^^^c^ j^^3t^^i^^cjfi^^si^n3j^^^^^Li^^^*^^**^t^^^^^^^^ ** ^^^^^ij^^^s^i^^l^^ * *^m)^^^**. ^^^^^^2^ f ^-.^ 

user 1 s stride M so : that' the display ^reflects distance instead- of 
steps taken* 

FIG- '5 illustrates the manner in which ; the invention can 
be apjpliWd* to a paper substrate/ 'such- as af book/* periodical .or 
30 grkeiiing 1 cardC ; KV lri the depicted- embbdimeht^ ' a':, greeting, card? ' 
500 d'omp^Yses ' a ' deritrail ' fold 502 and a piezoelectric element 
505 '"cfifeposed thereoii: piezoelectric' -element 505 is • connected 
(e;gT/ Via a pair^ of foil traces" or other conductors) . to a \ 
7 dr iver 'circviit * 507 /'which-' is itsielf* connected td^ar series -of 
35 three electrophoretic displays 510a; 510Jb, 510c via an 
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associated, usef-'actuable switch 512a, 512b, 512c. Each of . 
displays 510a, '510Jb, "510c may spell out,- for, example, a . 
different message. : Circuit 507 includes a • capacitiye,, storage 
device th'at : accumulates charge from the current produced by. 
the "user's opening of card 500, which deforms piezoelectric 

element! '505: The stored charge is transferred -to one of : . the.. 
. display^ 5ioa-, - 510Jb , <-5l0c through the user ' s selection, of ; £he . 

appropriate switch. ' A similar arrangement ..can-.be used in,. . 

conjunction with : a book or periodical. : : . - . , . . 

) The piezoelectric element powering an electrbphoretic 

display' need' not° be activated -* by- direct .> deformation,. .Instead, 
it can be 1 driven by acoustic coupling.! to; another, ; p:ie.zp.eA.ectric 
element that is itself sub j ected; to f a varying relectric. field . ' 
(causing •^^•o i "^«tbi^-V-irt-^^6i^'?n to- the magnitude, of .the., . 

5 "applied "field) V ' '"• 'such! cbuplihg ; can conveniently . take^place . on 
length scales' "of 5 ' inches or -less f or typical piezoelectric iWt , 
• ..displays. 1 V-V." 5 "''' ■" ; ' '" t ,..'"' r "•.••'''■;'• !'•" - ■'iVi»/.-f»^%y '-n .. 

.Ref er . t°- ? >XG * ^A f ..vhiph..shpws, i .how v<> "^is { effect . can^be 
exploited in the i,corvtext of a , YT^twatch 600 . ^ Jns^de^tiie^ 
•0 watch case 602 is a piezoelectric element 604 and .an.. \ ' , 

oscillator c^c^SV^.OSr^botli of these. componen%s f .may . |e, . , , , , 
associated with 'the" 'timekeeping function of watch ~60p;. , .The. 
oscillator '6 o"6' receives power from an ^autonomous.. . source, (e.g. , 
a battery, not' shown jv and applies- an AG- current to.;,. ... 
25 'pi^'oeie t dtric s element 604. Attached tq (or embedded, within) 
the watch bartd ^10 -'is a second piezoelectric element, 612. ; 
acoustically 'cb\i^leci' to' piezoelectric ■•element 6.0.4,. ; The ,, 
outputs 'of eiement 6i2 'are provided ' to a vdriver icircuit; 616.,, 
which' utilizes electrical energy from element 612 to power an 
30 electr : ophoretic : "dispiay' v 6i'6..' With this simple arrangement, 
the display 6i6 would constantly -be ."turned- on.. •-• .= 

.: , 1. . . !■ .-. 

For this reason, driver circuits 606 and 614 are 
preferably : sokewhkt ! mbre : sophisticated, , as, illustrated in FIG. 
6B. Driver 606 is capable of oscillation at two or more 
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frequences fj, f 2 * Driver circuit 614 includes ^ pair, of 
notch or bandpass filters <620 ,622 v each . tpned.ibp a different 
oriS"of ^hev.j&requertcies fj^f^. That is, .each qf,^ 
operates^wlthin a^ very narrow-, frequency ; feand,. 5 ,^PE>pi^g[ ( or & \, 
passing) - one of vthe>f frequencies f j^^f j.^itlxo^^a.^ ect^po^ other : 
freguerlcies': ' The- 6utputs-bf f ilte^s^620 (/ £22 ,#re op^qs^el^.. 
correct e^'S:d '^display - 6.16 ; -the filters also ponton ,r^ct^f iers ; . 
so thai their outputs *t67 display 61 6adq not yary,.^ 
and any, other conditioning- circuitry sdesir,ed r f qr ?the ., ^ ^ : y> . : ,^ 
particular application. 

* %uppp^:^ f drrWxamp 
Wnd f ilter 622' dirbpsx f r fsquency } . f 2 . Coercion of N ^riyer, 6 ? 06 at 

f/ % aSousti : cil^ ,§.9 4 :^irc 
howevei:; electrical energy ,f rom^p^ezoeleqtrd 
reacK ^disr^ay 6;i«^ohly:^thrpugh, *£il^ 

in -a ^particular; visual- rst*te^ : <,Qper ^t^'rR*^^^^^, 
reverses the effect produced by r , filter 622, piacipg .d^^l^^- 
616 in the opposite state, since electrical engrgy ; passes <pnly 
through* is^^ul^ f ^ te - <\ 

example , in sett ing V arid "resetting' a f vxsiaal^alara ; ..,^ 1 &vv/-V nt v. 

The v approach:.^ ^nd s „ a.^si^gle^^^^ ^ 

"transmitter ,r 'piezoelectric^ 

di*5Perent& : fc vltlaer ef or x e > s^lect^^ 

acoustically to- multiple .IVreceiyeyr ^el^ments-^f inds anpl^catiph 
in ^^id^vSriety <of * aipplicat ions . *Eor .example .rej^urnin^ to 
the embodiment illustrated in : FIGv j; 5., a .periodical, dis^la^.ed 
at a newsstand or ariv.adve^^ 

several electrophoretic -displays^ each ^connected ,to. f a , ; ;^ ;f . 
'piezbelectriccelement-via a differently , t^ned f^ter :;: By . _^ 
altering vthe - frequency / at which the ^tr^ngmitter- ^^^^A%^\ t 
driven, it is possible to -.cyple ^through th^., v§y iovi^s . display 6 ; 

in any desired pattern. 

-;<■• >;...* ,.>\: ; ,/ h s ,^ h , ;> , ^. • 

*• • The foregoing ^approach: can,also v b ( e f . applied,, f pr^ example, 
to a pager or other mesis'aging /device ; haying a piezoelectric 
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speaker. As shown in FIG. 7, such a device 700 includes an 
autonomously powered driver circuit . 702 that activates a 
piezoelectric speaker 704 upon receiving a broadcast radio 
signal from a central station. Such devices are widely used 
and commonly available.. . To this device is added a second 
piezoelectric element 706 acoustically coupled to ' speaker' 704 ; 
driver circuitry 708 as discussed previously ; and an 
electrophoretic display 710 : When speaker 704 'produces its 
audible alarm, piezoelectric element 7&S causes display 710 to 
change state) thereby providing" a visual : ailarm indicat ioifi . 
The display "710 'canbe used ? to'"conve^ oth£r' uke^f ij! ; information 
to the" user of a watch f pages ''/ 'cel^ or other 



portable electronic device (e.g 



• the 1 status of' th*e ; battery) .. , . 



It wx^±' { ^^'&t-6TB : 'VB l '-sk&^ that, the foregoing .represents a 
reliable and : hi^hly r 4 f-aexible- approach: to^he ; f ab^c^tion and , 
powering ^ ^f-electrophoretic' and other .nonemiss iye displays . 
The terms'^and^^ressioris' empioyed rherein r ^a^e us|d JM |s y terms Qf 
description 'BriS' not of - limitation; .and -there is^ no vS intent ion, . 
in the use of k sucfi terms arid*-expressions , of excluding, any > ^: 
Equivalents - cif^the feat\ires -shown/ ; and described, .or^pprtions r . . 
thereof, but it is recognized that.; yar ious v .modi5 ic^tions .are. 
possible within the scope of the invention claimed. * — 
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CLAIMS 



1 1. An electrophoretic display comprising: 

2 a , an arrangement of discrete' microscopic containers, 

3 . .. each t . container being no longer than 500 jam along any ' J 

4 dimension thereof ; ........ .x*,.. r , ■■ . , v '.. 

5 b. f irst and. second, electrodes disposed on and covering 

6 , ' opposite. sides of the arrangement, at lekst one of the 

7 electrodes .being., substantially visually transparent ; * 

8 , ,,c. means< for creating a potential difference between the 

9 two electrodes; and 

10 - d.* within' ^ach -cbnt'tfinery a' dielectric-,f luid .a^d. ^, • •. , 

11 Suspension ^ther ein^ of . particles/-e^^itijig .surface . ^ ; . . 

12 ' • ' 1 cfwrges y r the - fluid, ^andY the, p^iclesj : ccmteasting, ^ r c - 

13 : iv *%isual^ 

14 '^parti-el-&s. to'^mi'grate .tpwar:^ ;pne of the electn)desv : i:.^ i- '"v^Vi-i 

1 2 .''The' dl^£l^y : *^of claim 1; ^wherein" eaeh- : contai-ner v is ? ;np-; longer'* j .-;* 

2 than 5 'jlini along 'any ' ^imension f ^thereof *. • " ■ 1 ** ^ . . 1 

1 3. The display of claim 1 wherein each container has an ( 

2 average dimension ranging from 25 to 250 fim. 

1 4 . The display of claim 1 wherein the particles have average 

2 diameters no greater than 100 ^m. 

1 5. The display of claim 1 wherein the particles have average 

2 diameters ranging from 5 to 25 Jim. 

1 6. The display of claim 1 wherein the fluid has a fluid 

2 density and the particles each have a particle density, the 

3 fluid and particle densities being substantially equal. 
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17. Tlie i; display ' of' claim .1 whWein thie particles comprise Ti0 2 

2 and the dielectric fluid 1 comprises a darkly" colored dye; 

3 therein. ♦ 

1 8 . The display 1 of claim ' 1 ; wherein the dielectric fluid ■ . .. 

2 comprises 1 l'eis€ i one of ( if isbparaf f ihic ^ petroleum solvent, 

3 and '••trick'ioroWlf lu^rofeWi'ne. 1 ' ' "»'*• " : .<-.".^ - ■'••■r 

1 9. The display of claim 7 wherein the particles each comprise 

2 a core an^^rid^er^to^ a : ^ch^^dbhtro^Wditiye-.- , - ; V f 

1 10. The display of claim" i wherein tl&^'''adT^iA&T'&^d^f^'it \ ^: 

2 interior surfaces exhibiting a resistivity, the fluid 

' 3 exhibiting 'a 'res^ equal- to /the if > ; : 

4 • ' ^£&^i$M3*^t t^^t^io^^^ia^ces.--v^ - V* 1 i' f 'x- 

1 11. The display*of "clMi^i j Mfe^iiK^thfe^c6htainers ~ are inVV ; + 

2 contact with one another in an array. ^ - 

" 1 12 1 r The ^display' of * alaim i ; wfi£r fein ; tke cont ain'er are • 

2 dispersed in a solid matrix. ' 1 V XjI • - 

1 13. The "dispiaV' 'of claXm^i -wh^rfeih the* containers * are- cavities 

2 in a solid matrix. ■ '■ 

1 14 . rnie v 'kisplay"o^ ^ikitf-^'^effeiii »the* 'means -for^cf eating a 

2 potential' difference compr fiSStf a piezoelectric element . 



1 15. A nonemissive display system comprising: 

2 *'-* '^a. ifc a k pair of ' oppositely 'diSpSsed ilectrodes (ahd, ^located 

3 ' " ' '" '''t^er^e^we^nr^t 'lgaife o«4 d2ipiay u eiemehtv « the display 
-4 £U ' " ! ' 0 il£.A5€ e figfgg ! *'k2SS£ly^4foS^ivi €d^a»pbtehtial- 

5 ' difference between : the^ electrodes^ r and^/^ - - ' 
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6 b. a display piezoelectric element connected to the 

7 electrodes, deformation of the piezoelectric element 

' * * : * ■ ' - . : - ' > • • ' 

8 producing the potential . difference ^ 

1 16. The display system of claim 15 comprising first and second 

2 display elements . oppositely ; connected . to the piezoelectric 

3 elemeht / deformation of ; the^ , piezoelec^ric^elMent producing 

4 opposite visual responses in the first and second display 

5 elements. 

i ' , ■ ■ \ i - - • • • ' . 

1 17. The display i system; t of , claim 15, .wherein, the display.. 

2 piezoelectric element comprises a planar sheet of 

3 polyvinylidene .* dif lupride,.; . , ; . ,s iy - . .. » ' ; ■; . * 



1 18. The* display system of j claim ,16 further comprising a 

2 housing defining a foot enclosure including, the piezoelectric 

3 element being associated with the foot enclosure .such that" 

4 flexion thereof .produces /the potential . difference . - 

1 19. The display system of claim 15 comprising a plurality of 

2 selectably^ actuable display , elements, and further comprising: 

3 a. a housing defining a foot enclosure, including a sole, . 

4 the piezoelectric element being associated with' the 

5 r enclosure . such . that f lexipp thereof produces, the , : : ; , . 

6 potential difference; and 

7 b. means, connected to the piezoelectric element, for 

8 .i selectably : coupling . the. .jdispla^. elements to the 

9 piezoelectric element based on a count of flexions and 
10 in a pattern representative of the count. 

1 ,20 i The display : system of -, claim 15 .comprising a plurality of 

2 display ^elements : and . means for selectably connecting at least 

3 one display element to : the t .,piezpelectric element, deformation 

4 of the piezoelectric element producing the visual responses in 

5 the at least one display element connected thereto! 
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1 21. The display system of claim 15 'further comprising: 

2 a. a driver piezoelectric element acoustically coupled to. 

3 the display piezoelectric element; 

4 b . means for applying an AC voltage to i the driver element 

5 at a driver frequency so as to cause- the display ; 

6 piezoelectric element to produce an AC voltage; 

7 c / means for rectifyiHg the' AC voltage from,: the display 

8 piezoelectric element, the rectified voltage providing. 

9 the potential difference. 

1 22. The display system of claim 15 further comprising: \ . »-V- 

2 a. ^Wl^^pi^^^^^-'^^^. acoustically ^coupled to 

3 ' ' the display piezoelectric' 'element-;- -' ■■ ' : ' •»• ' ' -< ' ■ *x. - ; 

4 b. means f^a^yiri^'feii'-AC voltage to. the •driver.. element 

5 dt a driver frequency so as -to cause- the display 

6 pie^^elec'tri^ the AC 

7 vol^b^oVi^^g :; '%li«! potential difference;;.. r:: •; 

8 c . a €^ lea^t^b'he ' fi%€e^; ? i'ntervertihqf.. between ^e,, display _ : 

9 'piezoelectric element ■ and the electrodes > -the at least 

10 one filter configured to (i) pass AC within a 

1 1 predetermined^ frequency band- so that/ the display £ i s . ^ 

12 ' '- 'uharf ^c : ted tw by'---driver''«irequencies- outside.; the ,. . .... .. 

13 predetermined band, or (ii) drop AC ..within, a,.. . 

14 '• --'prfe^eteri'in^-' '-f reqtfehciy' band -so thafcvthe-display is .... 

15 affected only by driver frequencies outside, the 

16 predetermined band; and 

17 d. means, connected to the display piezoelectric element, 

18 for rectifying the AC voltage from the filter and 

19 thereby providing the potential difference. 

1 23. The display system of .claim 22 wherein the at least one 

2 filter is a bandpass filter or a notch filter. 

1 24. The display system of claim 22 comprising first and second 

2 filters arranged in parallel and oppositely connected to the 

3 display element, the first filter passing or dropping AC 
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4 within a first: frequency band and the second filter passing or 

5 dropping . AC within a., second., frequency^ band , selective 

6 application to the display ..piezoelectric, element of AC 'within 

7 the first and second, frequencies producing opposite visual 

8 responses : from, the display . f . t> 

1 25- ^The- display system. of ^claim,24 wherein the first and 

2 second filters,, are bandpass, or .notch filters. 

1 26- The. display system of claim 15 wherein the display element 

2 comprises:.;, ? ( . ■ . . • ;>> ...., vi w -> '.. • . 

3 i a. , a substantially, two-dimensional arrangement of 

4 discrete microscopic. containers , each container being 

5 : no longer than 500 |im along- any. : dimension, thereof; and 

6 b. withiiri\ each' container , a dielectric; ^luid. r; and ,a 

7 suspension therein of particles P ,e^ surface 

8 charges , vthe^f iuid rand . th^ particles , contrasting 

9 - visukily ; the^potehtial .difference causing ^the . 

10 particles' to migrate^ toward •:qne Vj of the electrodes - 

1 27. The display system, of: claim -22 : . further .comprising:,/ 

2 a- a watch case for cpntainingvrth^ driver piezoelectric 

3 element;- and • l » r »/.;.■■•■■ v. , Vf -? . ^ 
4\ b. v a watch 5 band; , attached;, to the . watch, .c^s^ 

5 the display piezoelectric .element, 

. > . : • ■ \. . :■■«.. •• ... . .... 
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